The results of [4] proved that many exotic spheres do not admit smooth actions of relatively high-dimensional compact Lie groups (all group actions considered in this paper are assumed to be effective). It was clear that stronger results should hold in certain cases, and this was confirmed in [5]. A notable feature of [5] is the use of nonexistence theorems for certain smooth circle actions to prove nonexistence theorems for large Lie group actions. These theorems for circle actions actually reflect much stronger nonexistence results for smooth Z^ actions, the proofs of which are outlined in this paper.
Normal invariants of homology equivalences.
A homotopy smoothing of a smooth manifold M is a pair (X, ƒ) such that f:X-+M is a homotopy equivalence; a fundamental construction assigns to each homotopy smoothing a normal invariant rj(X,f) e [M, F/O], In fact, normal invariants are definable for pairs (X,f) where ƒ is merely a homology equivalence with respect to a subring of the rationals. 3 All such subrings have the form Zj, the integers with inverses of all primes not in / adjoined, and the generalized normal invariant takes its values in [M, F/Oj]^[M, FjO] t (see [8, Chapter II] for the relevant localization theory). Many formal properties of ordinary normal invariants which are useful in calculation AMS (MOS) subject classifications (1970) . Primary 57E15, 57E25. 1 Summary of results. 2 Partially supported by NSF Grants GP-36418X and GP-19530A1-2. 3 Various generalizations of normal invariants to homology equivalences have been previously studied by L. Jones, S. Cappell and J. Shaneson, and W. Browder (and probably others).
Copyright © American Mathematical Society 1974 generalize in an obvious way. We should note that the smooth category is replaceable by the PL and topological categories in this discussion.
Internal normal invariants.
Suppose we are given a smooth orientation-preserving Zj, action on a homotopy sphere S n + 2fc ; assume the fixed point set K n has codimension at least 4, and let S be an invariant (2k-l)-sphere in 2 which links K once. Since A" is a Z^-homology sphere by a classical theorem of P. A. Smith, it follows that the induced inclusion 5/Z^çS-KjZy is a Z^-homology equivalence and hence a homotopy equivalence of the localizations of these spaces at p. The inverse of this homotopy equivalence induces an equivariant fiber homotopy trivialization of the equivariant fiberwise localization [8, Chapter IV] of the equivariant normal bundle of K. In homotopy-theoretic terms, this object corresponds to an element of the set of homotopy classes
where V is the Z p -vector space of normal vectors at a fixed point, C z (V) is its orthogonal centralizer, and F z (V) is the space of equivariant selfmaps of the unit sphere in V (compare [1] This result allows us to ignore many of the topological differences between K and the ordinary sphere.
If Wis another free Z^-module, then the diagram An argument involving Z 4 weight systems gives the following application : COROLLARY 3.5. The exotic 8-sphere admits no smooth torus actions. Details of these and further results of a similar nature will be given in subsequent papers.
